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Ni(II) and Ru(III) react with 4-amino-6-hydroxy-5-
nitroso-2-methylpyrimidine and Ru(III) and Os(VIII)
with 2,4,5,6-tetrahydropyriml.dine forming coloured
complexes suitable for spectrophotometric determina-
tion of the metals. Ni(ll) and Ru(I1) form 1: 2 com-
plexes (metal: ligand) while Os(VIlI) forms 1: 4 com-
plex (metal : ligand). For Ru(III) determination, both
the compounds are comparable in sensitivity and selec-
tivity. Formation of Os(VIII) complex with tetra-
aminopyrimidine (i.max 490-500 om; smax 20000) in lthe
pH range 1·0-5·0 provides a method for its determina-
tion which is comparable to well-known methods.
IN our investigations to explore the analytical
potentialities of pyrimidines>", w e found that
pyrimidines are generally useful for the determina-
tion of iron and platinum group metals. In the
present note, the complexes of Ni(lJ) and Ru(TII)
with 4-amino-6-hydroxy-2-methyl-5-nitroso-pyrimi-
dine {Amax 300,345 nrn ; c , 4790, 6420) and Ru(III) and
Os(VIII) with 2,4,5,6-tetraaminopyrimidine sulphate
(Amax, 280, 370 nm ; €, 10200, 200), are described.
These ligands have also been used for' the spectre-
NOTES
photometric determination of Ni(II) , Ru(III) and
Os(VIJJ).
Standard solutions of the Iigands (Aldrich
Chemical Co., USA) were prepared in hot water.
Metal solutions were prepared by dissolving NiS04-
(NH4)2S04.6H20 in water, RuCl33H20 (Koch Light,
UK) in l'ON Hel and 0504 (Johnson Matthey, UK)
in O'SN NaOH. The solutions were standardized by
recommended procedure. Ru(lII) solution was pre-
served in nitrogen atmosphere to prevent oxidation.
When aqueous solutions of the metal and the
ligand were mixed, complex formation took place.
The characteristics of the complexes obtained are
summarized in Table 1.
TABLE 2 - TOLERANCE LBIITS (ppm) OF DIVERSE IONS IK
DETERMINATION OF METALS USING PYRDIIDINOL AI'D
TETRAAMINOPYRIMIDII'E
Diverse ion Pyrimidinol Tetraarninopyri-
midine
Ni(II) Ru(III) ---------
Ru(III) Os (VIII)
I'luoride 40 500 100 100
Chloride 1000 1000 1000 1000
Bromide 200 1000 1000 1000
I'.l<iide 400 500 1000 1000
! it rite 80 * * *Nit.r.i.te 400 500 500 1000
Perchlorate 800 1000 1000 1000
Th iocya nat« 80 500 1000 1000
Acetate 200 1000 1000 1000
Th iosulphat e 400 500 500 1000
Ox::l:J,te 200 100 100 500
'T<l.rtrate 200 500 100 200
EDTA I 100 15 50
Thiourc: 160 50 100 *
Bor.rte 800 500 500 500
Phosphate 200 1000 500 1000
Citr.u e 200 100 100 1000
Ca(II) or Sr(ll) 50 200 150 100
D;I(II) 50 200 150 500
Zn(lI) 100 200 150 200
Cd(II) 100 60t 400 250
Hg(lI) * lOt 100 100
TI(I) 50 100 200 100
Sn(IV) * * 50 50
V((V) * 60 20 10
Mn(II) 200 60 100 100
Co(lI) 3 60~ 60 150
Ni(II) 200 100 100
Pd(U) 5 10 10 10
* Interferes, tl'vLsked_ with EDTA, tl\Lsked with iodide.
~i\[;'s!<ed wii.h thiocyanate,
The presence of Cu(II), Fe(II), Fe(III). Ru(III) or Os(VIII)
causes interference.
TABLE 1- CHARACTERISTICSOF THE METAL COMPLEXES WITH PYRIMIDINES
Characteristic Pyrimidinol complex with Aminopyrimidine complex with
Colour
Amax (nm)
OlI!ax (litre mole-I crrr-')
Reagent needed for full colour
development
pB range for maximum absorbance
Beer's law range (ILg/ml)
Accurate range of determination
(ppm)
Sandell's sensitivity
Composition (metal-ligand)
Behaviour in organic solvents
Std devn from 8 samples (metal
cone, in ppm; mean absorbance)
Ni(II) Ru(III) Ru(III) Os(VIII)
Yellow Red Green Red
380-390 540 590 490-500
6666 13515 15300 20000
15 times 25 times 32 times 10 times
6,5-7,5 4,2-6,8 4·5-6·5 1,0-5,0
Up to 3·5 Up to 5·5 Up to 6·9 Up to 9·8
0'66-2-69 0,79-4,89 0-6-5'9 1·3-9·5
0·0058 0·0073 0·0060 0·0090
1: 2 1:2 1:2 1: 4
Not extractable Not extractable
0'0015 0·0010 0-0010 0·0020
(2'3; 0'40) (3'95; 0·53) (3'90; 0'60) (4'7; 0·50)
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Determiwaiion of Ni(Il), Ru(III) and Os(VIII)-
To an aliquot of metal solution (Table 1), sufficient
excess of the reagent solution was added and the
pn of the resulting solution adjusted (HC~-NaOH
for Ni complex and acetate buf~ers for others). .The
colour developed immediately 111the case of l1l~kel
and osmium com-ilexes, In the case of ruthenium
complxe the mixture solution was heated on a water
bath for 30 min for full colour development. The
solution was diluted to an appropr iate volume and
its absorbance was noted at Arnax ag ainst rea-rent
blank prepared un-Ier identical conditions. !he
amount of the metal was calculated by com:,anson
with a standard curve.
In the determination of nickel (2·3 ppm},
ruthenium (3'9 ppm) and osmium (4·7.[pm), the
tolerance limits of various ions are gi ven In Table 2.
It is a-pparent from the results that b?th .the
ligands are equally useful for Ru(JII) deter~matlOn.
The method of determination of Os(VIU) WIth tetra-
aminopyrirnidine is very simple, affords wide pH
range and is com-iarable w.th the existing methods
in sensitivity and selectivity.
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Complexes of the type MLnX2 [M = Fe(II), Co(II) or
Ni(II), L = nicotinamide (Nia), 3-cyanopyridine (Cpy),
ethyl nicotinate (Ent), 2-aminopyrimidine (Amp), 2-
aminopyrazine (Apz) and pyrazine 2,3-dicarboxamide
(Pzd), n = 1, 2, 4 or 6; and X = CI-, Br-', 1-, NO. or
CIO.] have been prepared and characterized on the
basis of elemental analysis, magnetic moment, infra-
red and electronic spectral studies. The infrared
spectral studies show that Pzd coordinates through
both the ring nitro gens while Amp coordinates through
one ring nitrogen only in bromo and iodo complexes
of Co(II) and through both, the ring and amino,
nltrogens in chloro and nitrato complexes. In Apz
complexes one ring nitrogen and amino nitrogen are
the coordinating sites. All other Ugands coordinate
through ring nitrogen only. Symmetry and group
theoretical calculations have also been carried out
to establish the configuration of the complexes.
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IN continuation of our earl.er work1,2, we are
prr-ser: tir.g here the results of our study on the
complexes of Fe(II), Co(lI) and Ni(lI) halides,
ni tratcs and perchlorates with multidentate ligands
like nicotinamide (Nia), 3-cyanopyridine (Cpy) ,
ethyl nicotinate (Ent), 2-aminopyrimidine (Amp), 2-
aminopyrazrie (Apz) and pyrazine-2,3-dicarbox-
amide (Pzd).
Materials and methods were similar to those des-
cribed earlierl,2.
Octahedral Ni(l1) and Co(l1) complexes heving
the composition MX2.nL [M = Ni(II), Co(II), X = Cl,
Br , I, NOs. CIO", n = 2, 4. 6 and L = Nia, Cpy,
Amp, Pzd, Apz] - The Ni(II) complexes are green
having magnetic moment values of about 3·15
B.IVI. The electronic bands of substituted pyridine
complexes arc observed in the regions 27000-25000,
16000-14000 and 9135-9885 cm-i which could be
assigned to the transi tions 3A2g-7>-3T1g(P)(vs), sA2g
-,?sTlg(F) (v2) and sAu -'?STlg(F) (vl) respectively.
Various spectral parameters (Dq• B', ~. A') have been
calculated using the values of V2 and Va bands.
The colour. magnetic moment values and the values
of spectral parameters indicates an octahedral con-
figuration for the Ni(lI) complexes. The analytical
data of Ni(lI) bromide complexes with Nia, Cpy
and En t show the complexes to be of the type
NiL2Br2· The octahedral geometry around Ni(II)
appears to have been achieved through halogen bridg-
ing and these complexes may thus be assgined a poly-
meric halogen-bridged structure".
The Amp complex of Co(II) is pink and has a
magnetic moment value of about 5·2 BM. The
electronic bands are observed at 7350 and 20000
crrr? which are assigned to the transitions 4Tl-4T2g
(v1) and "Tlg-7>-"T2g(P) (va). We could not 0 btain
the ba-rd arising horn the transition "T1g-,?4A2g•
probably because of its being a two electron trar si-
tion ; from t2g to ego These data indicate an
octahedral environmen t around Co(II)6.
Amp and Pzcl act as bidentate ligands. In IR
spectra of Amp complexes a negative shift of about
100 cm-1 in vNH is observed in addition to the
posi tiv- shifts ill the bands due to ring vibrations
indicating coor dination through both. ring and
amino, nitrogens. On the other hand, in Pzd com-
plexes both the ling nitrogens are involved in
coordnarion", All other ligands coordinate through
rrng mtrogen only2.5.6. In Nia and Pzd complexes,
a negative shift was observed in vNH mode which
is probably due to hydrogen bonding2,7. In Ni(II)
perchlorate complex, the bands at 620, 710 and 1100
cm-1 are characteristic of free perchlorate ionS and
thus support the proposed structure. In nitrate
complexes, the bands at 1020, 1320 and 1455 cm-1
show t he presence of uniden tate nitrate ion",
Tetrahedral Co(II) and Fe(II) complexes having
the compositon MX2.nL [M = Co(II), Fe(II), X =
Cl, 13r-, 1-, n = 1. 2 and L = Nia, Amp, Apz] _
The bromo and iodo complexes of Co (11) are blue
or gr cen in colour having magnetic moment values
of about 4·5 BM:. The electronic spectral bands
are observed in the regions 6890-6900 and 15000-
15400 cm-1 which are assigned to the transitions
"A2g-7>-"Tlg(F)(V2) and "A?g-7>- (T19(P) (vs) respectively.
Spectral parameters have been calculated wing the
